UNCLASSIFIED 


Defense  Technical  Information  Center 
Compilation  Part  Notice 

ADP013955 

TITLE:  Wave  Diffraction  by  Axially  Symmetrical  System  of  Finite  Soft 
Cylinders 

DISTRIBUTION:  Approved  for  public  release,  distribution  unlimited 


This  paper  is  part  of  the  following  report: 

TITLE:  2002  International  Conference  on  Mathematical  Methods  in 
Electromagnetic  Theory  [MMET  02].  Volume  2 

To  order  the  complete  compilation  report,  use:  ADA4 13455 

The  component  part  is  provided  here  to  allow  users  access  to  individually  authored  sections 
of  proceedings,  annals,  symposia,  etc.  However,  the  component  should  be  considered  within 
the  context  of  the  overall  compilation  report  and  not  as  a stand-alone  technical  report. 

The  following  component  part  numbers  comprise  the  compilation  report: 

ADP013889  thru  ADPO 13989 


UNCLASSIFIED 


576 


MMET*  02  Proceedings 


WAVE  DIFFRACTION  BY  AXIALLY  SYMMETRICAL  SYSTEM 
OF  FINITE  SOFT  CYLINDERS 

Eylem  Ozkan1,  Fatih  Dikmen1,  Yury  A.  Tuchkin  12  Sergey  I.  Tarapov  12 
1.  Gebze  Institute  of  Technology,  PK.  141. 41400  Gebze  - Kocaeli.  Turkey. 

2.  Institute  of  Radiophysics  and  Electronics,  NAS  of  the  Ukraine,  12  Ac.  Proscura  St., 

Kharkov  61 085,  Ukraine. 

ABSTRACT 

A new  strong  mathematically  rigorous  and  numerically  efficient  method  for  solving  the 
boundary  value  problem  of  scalar  wave  diffraction  by  a system  of  infinitely  thin  circular 
cylindrical  screens  is  proposed.  The  method  is  based  on  a combination  of  Orthogonal 
Polynomials  Method  [1-2]  and  Analytical  Regularization  Method  as  used  in  [3.4,5].  The 
solution  is  generalization  of  the  investigation  done  for  one  cylinder  [6]  and  the  method  has  been 
demonstrated  on  flat  soft  circular  ring  [6,7,8].  As  a result  of  the  suggested  regularization 
procedure,  the  initial  boundary  value  problem  was  equivalently  reduced  to  the  infinite  system  of 
the  linear  algebraic  equations  of  the  second  kind,  i.e.  to  an  equation  of  the  type  ( / + H)x  = b , 
x,  bel2  - in  the  space  l2  of  square  summable  sequences.  This  equation  can  be  solved 
numerically  by  means  of  truncation  method  with,  in  principle,  any  required  accuracy.  Pilot 
experiments  show  good  perspective  of  such  cylindrical  reflector  for  development  of  individual 
antenna  tag  for  rescue  radar  or  broadcast  systems  in  mm  waveband. 

Let  surface  S have  the  following  property, 

s-Us./.S/ns/«-0  (i) 

H 

S is  a system  of  finite  circular  cylinders  located  on  --axis  defining,  (Figure  1 ) 

Sj  = {(z, p,cp):z  e fcj  -Lj£j  + Lj\p  = ctjP p e [-tt.n 1.2 N.  (2) 

The  following  integral  equation  of  the 
first  kind  is  equivalent  to  the  diffraction 
problem  posed. 

\ .1  d(p).g(ci  , p)ds  p = -ul(q):cleS  (3) 
S 

where,  u(q)  is  known  incident  wave, 
■hip)  is  unknown  function  i.e.  current 
density  like,  Jdp)=  [d(p)] 1 2 H(p), 

peS.  where  H(jj)  is  a smooth  function  on 
surface  S , d{p)  is  the  distance  to  the 
nearest  edge  of  a ring.  G(q.p)  is  the 
Green’s  function  of  free  space. 

The  axially  symmetricy  of  the  system  of 
obstacles  leads  to  an  infinite  system  of 
one  dimensional,  non-interacting  integral 
equations  of  the  first  kind  below. 
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Figure  1 
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in  terms  of  Fourier  coefficients. 


zq  e [Lt , 1/ 1 l = 1,2,...,  N , 


(4) 


Proper  parametrization  of  the  variable  in  the  equation  is  required  to  use  the  Fourier- 
Chebyshev  expansions  defined  on  the  interval  [-1,1].  The  parametrization  to  reduce  the 
points  on  each  Sj  surface  to  such  an  interval  is  the  following: 


Zp  =V(v)  = Cj  +LjV,  ve[-l,l]; 
=ti'(u)  = ^|  +L,u,  u e [—  l,l] . 


(5) 

(6) 


Then  we  have  (4)  reduced  to: 


j *1 


«e[-l,l],  l=\,2,...,N  (7) 

Flere  K 'J  are  sufficiently  and  GJJ  are  infinitely  smooth  functions  and  it  is  possible  to 
express  those  functions  and  the  unknown  function  Z j (v)  using  Fourier-Chebyshev 
series. 

Therefore  the  final  algebraic  system  of  the  first  kind  that  (5)  will  be  reduced  to  is 


r^i  + Z 

5—0 


knsz‘s  + Yjknszi 

7=1 


= b‘  n=0,l,2...  1=  1,2,3. ..N 


(8) 


and  will  be  subject  to  analytical  regularization  in  the  same  manner  done  for  single 
obstacles  (as  done  in  [6-7-8]),  easily  by  introducing  new  variables  z'n  = and 

I 1 1/2 

multiplying  each  term  in  (8)  by  y q . Here,  y 0 = (in  2 )“1/2 ; y„  = |«|  , n * 0 , for  every 
m=0,±l,±2,±3 ...  zn  and  zJn  are  the  Fourier  - Chebyshev  coefficients  of  the  unknown 

function,  b „ is  Fourier  - Chebyshev  coefficients  of  the  excitation  term,  kJn'  and  k'n' 

are  Fourier  - Chebyshev  coefficients  of  the  smooth  kernels  in  (7). 

Numerical  results  of  the  system  kai=2,  ka2=6,  ka3=10,  kLi=kL2=kL3=4  in  case  of  a 
normally  incident  plane  wave,  are  following.  In  figure  4 the  approximate  locations  of 
the  surfaces  are  indicated. 
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kal-2.  ka?-6  ka3~10  KL1- kt 2=fcl 3-4 
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Figure  3:  Far  Field 
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Figure  4:  Near  Field 
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